Background
==========

Speech and language delays in infants and children occur when speech and language abilities are below that expected for a child's chronological age, while still following the expected developmental sequence \[[@B1]\]. Speech and language development is known to be an important overall developmental milestone in children and early speech and language delays can result in poorer educational outcomes and longer term adverse cognitive and behavioral outcomes throughout the life course \[[@B2]\]. Although the prevalence of speech and language disorders depends on their exact classification and definition, recent studies suggest that some communication disorders may be as high as 13% in primary and secondary school children \[[@B3],[@B4]\].

Research on the predictors of late language emergence at 24 months in an Australian cohort have illustrated the complexity of the predictors of language emergence in the general population showing strong neurobiological and genetic causal mechanisms that operate across a wide variation in maternal and family characteristics \[[@B5]\]. Speech and language impairments are often one of the key features of neurologic damage in children with diagnoses of Fetal Alcohol Spectrum Disorders (FASD) which are as high as 5% in some regions of the United States and Europe \[[@B6]-[@B8]\]. However, while the impact of alcohol consumption during pregnancy on birth outcomes \[[@B9]\], mental development \[[@B10]\] and neuropsychological outcomes \[[@B11]\] is well investigated, the effect of alcohol consumption during pregnancy on speech and language development especially at lower or moderate levels is unknown \[[@B12]\].

In Denmark, the Netherlands, Australia, the United Kingdom, Ireland and the United States a number of large population-based longitudinal and cross sectional studies have estimated that between 12% and 81% of babies may be exposed to alcohol during gestation due to maternal alcohol consumption \[[@B13]-[@B20]\]. While most women who consume alcohol during pregnancy do so at low or moderate levels, the exact consequences of these levels of alcohol on fetal growth and development have not been established. Recent reviews have suggested that moderate drinking may not be harmful to birth weight, length of gestation or size for gestational age \[[@B9],[@B21]\]. However, evidence suggests that low to moderate alcohol use in pregnancy can still produce functional damage to the brain leading to adverse cognitive and neurological development without obviously affecting other systems such as growth \[[@B12]\]. Specifically, magnetic resonance imaging (MRI) studies have shown that prenatal alcohol exposure can impact on many areas of the brain involved in speech and language development, including the corpus collosum \[[@B22]\].

At present in Canada, the United States, Ireland and New Zealand recommendations advise complete abstinence from alcohol during pregnancy due to uncertain evidence on its effect on growth and development at lower to moderate levels \[[@B23]-[@B26]\]. However, the National Institute for Health and Care Excellence in the United Kingdom suggest that one to two units not more than once or twice per week is safe \[[@B27]\]. Establishing the impact of gestational alcohol exposure on speech and language outcomes in children is an important contribution toward understanding, both in the etiology of adverse speech and language development and in developing consistent and comprehensive clinical and government guidelines internationally around alcohol use during pregnancy.

The aim of this review was to systematically search and appraise available case control and cohort studies on the effect of low to moderate alcohol use during pregnancy compared to abstinence from alcohol during pregnancy on speech and language outcomes in children to age 18 years.

Methods
=======

Study eligibility criteria
--------------------------

In line with our study protocol, studies were included if they were case control or cohort studies published any time before 1 March 2012, in the English language in a peer reviewed journal. Studies which reported data on low or moderate alcohol exposure (defined as an average of less than 10 grams per day or 70 grams per week during pregnancy) compared to not drinking during pregnancy were included. Studies which reported on any measure or component of language, speech and communication delay, development or disorder in children up to 18 years were included, for example, acquired language disorders and semantic pragmatic disorders (see Additional file [1](#S1){ref-type="supplementary-material"}). We excluded duplicate publications and studies published only as abstracts. Other cognitive and developmental outcomes and nonverbal language outcomes were excluded. Studies of populations with special developmental needs, such as autism spectrum disorder, were also excluded. This review was not registered with PROSPERO \[[@B28]\].

Search strategy
---------------

Embase, PubMed, Cinahl, SCOPUS, Web of Knowledge and The Cochrane Library were searched from their inception up until 1 March 2012 using all appropriate MESH headings related to "alcohol", "speech and language outcomes", "pregnancy" and "risk or odds" (see Additional file [1](#S1){ref-type="supplementary-material"} for detailed search strategy: note that search strategy was not peer reviewed). Search limits of "human" and "female" were applied in PubMed only. All associated MESH terms were combined using "OR". Finally, all terms were combined using "AND" to yield a total number of abstracts for each database. Reference lists of retrieved articles were also hand searched for further potentially relevant articles. Additionally, the authors of the cohort study by Faden and Graubard \[[@B29]\] were contacted for additional information on their study which was not available in the published paper. All citations were imported to Endnote citation manager and duplicates removed. Figure [1](#F1){ref-type="fig"} shows a flow diagram of the results of the search strategy implemented.

![Flow diagram of search strategy.](2046-4053-3-1-1){#F1}

Study and data collection processes
-----------------------------------

LMOK designed and executed the search strategy (see Additional file [1](#S1){ref-type="supplementary-material"}) which was reviewed by PMK. Two assessors (LMOK, PMK) independently reviewed titles and abstracts of all identified citations. Both reviewers independently evaluated each full text article. Disagreements were resolved by consensus. Articles which were of uncertain relevance were obtained and the full text read. A data extraction form was designed and for the final three articles included in the review, two reviewers independently extracted data on country of origin, years of study, study design, characteristics of participants, exposure definition and ascertainment, outcomes, control for confounders and information on bias (Table [1](#T1){ref-type="table"}) as well as available measures of association including odds and risk ratios (Table [2](#T2){ref-type="table"}). Due to the heterogeneous nature of the exposure and outcomes across the three studies included in the review, it was not deemed appropriate to conduct a meta-analysis.

###### 

Description of included studies

  **Study: study design**                            **N**    **Setting**                            **Outcome measure: tool used**                                                                 **Age outcome recorded**   **Definition of alcohol exposure**                                                                                                                 **Exposure ascertainment**                                                                                                    **Confounders included**                                                                                                                                                                                                          **Analyses and measures of effect**
  -------------------------------------------------- -------- -------------------------------------- ---------------------------------------------------------------------------------------------- -------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------
  O'Leary *et al.* 2009 \[[@B30]\]: Cohort study     1,739    Western Australia                      **Communication delay:** Communication scale from Ages and Stages Questionnaire                Two years                  Low = 20 g or less per occasion less than weekly or less than daily                                                                                Measured three months after birth for four periods: three months pre-pregnancy and each trimester separately by mail survey   Maternal age, parity, marital status, smoking for each trimester, illicit drug use, depression, anxiety and stress, family factors (antenatal income, presence of partner in household, parenting ability, family functioning)    Odds of language delay by severity of alcohol consumption for each trimester individually
  Faden and Graubard 2000 \[[@B29]\]: Cohort study   13,417   USA                                    **Communication development:** Seven-item language measure of the Denver Developmental Scale   Three years                Mean alcoholic drinks per day during pregnancy                                                                                                     After delivery via a mail survey                                                                                              None                                                                                                                                                                                                                              Mean number of drinks per day for each level of language scale (1 to 7)
  Greene *et al*. 1990 \[[@B31]\]: Cohort study      618      Cleveland Metropolitan Hospital, USA   **Communication development:** SICD (Sequenced Inventory of Communication Development)         One, two and three years   Absolute alcohol per day = average number of ounces of alcohol per day reported to have been consumed over all sampled days throughout pregnancy   During pregnancy upon attendance at a clinic                                                                                  Sex, race, parental education, maternal age, reported usage if street drugs, the day of first antenatal visit, the HOME score, the precise age at testing, the ratings of psychosocial stress and medical problems, maternal IQ   Mean SICD measures adjusted for covariates at selected alcohol levels per day

###### 

Results of included studies

  **Author, year**                                                                                                                                                                   **Sampling frame**                                                              **Characteristics of mothers**                            **N exposed**       **N exposed with outcome**        **N controls**                                                                                                                                                                                                                                                                                                                                                                                  **N controls with outcome**   **Odds ratios/Mean (95% CI)**
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------- --------------------------------------------------------- ------------------- --------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  O'Leary *et al*. 2009 \[[@B30]\]                                                                                                                                                   Population-based sample from all women giving birth in Australia 1995 to 1997   **Age**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       **Unadjusted**
  \<25: 32.7%                                                                                                                                                                        Trimester 1: 544                                                                Trimester 1: 79                                           Trimester 1: 934    Trimester 1: 126                  Trimester 1: 0.95 (0.68 to 1.34)                                                                                                                                                                                                                                                                                                                                                                                              
  25 to 29: 13.0%                                                                                                                                                                    Trimester 2: 609                                                                Trimester 2: 73                                           Trimester 2: 946    Trimester 2: 123                  Trimester 2: 0.88 (0.63 to 1.23)                                                                                                                                                                                                                                                                                                                                                                                              
  \>30: 54.5%                                                                                                                                                                        Trimester 3: 665                                                                Trimester 3: 77                                           Trimester 3: 870    Trimester 3: 113                  Trimester 3: 0.83 (0.6 to 1.17)                                                                                                                                                                                                                                                                                                                                                                                               
  **Education**                                                                                                                                                                                                                                                                                                                                                                      **Adjusted**                                                                                                                                                                                                                                                                                                                                                                                                                  
  \<12 years: 40.6%                                                                                                                                                                                                                                                                                                                                                                  Trimester 1: 0.97 (0.65 to 1.43)                                                                                                                                                                                                                                                                                                                                                                                              
  \>12 years: 24.4%                                                                                                                                                                                                                                                                                                                                                                  Trimester 2: 0.87 (0.59 to 1.28)                                                                                                                                                                                                                                                                                                                                                                                              
  Degree\\Diploma\\Trade: 34.8%                                                                                                                                                                                                                                                                                                                                                      Trimester 3: 0.84 (0.57 to 1.23)                                                                                                                                                                                                                                                                                                                                                                                              
  **Smoking**                                                                                                                                                                                                                                                                                                                                                                        **Explanation:** Data show unadjusted and confounder adjusted odds ratios for the probability of language delay among low drinkers compared to women who are abstinent at the same time point. All results show reduced odds among low drinkers but results are not statistically significant as indicated by the confidence intervals which span the null value of an odds ratio equal to 1.                                 
  Pre-pregnancy: 27.0%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  **Parity**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Primiparous: 29.8% 1: 30.2%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  \>2: 40.0%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  **Marital status**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Married: 79.2%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Cohabiting: 15.4%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Single: 5.4%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                     **Illicit Drug use:** 12.5%                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Faden and Graubard 2000 \[[@B29]\]                                                                                                                                                 Population based sample from national birth certificate in the United States    NR\*                                                      NR\*                Language Outcome (Low to High)    NR\*                                                                                                                                                                                                                                                                                                                                                                                            NR\*                          **Mean (95% CI)**
  1/7 = 136                                                                                                                                                                                                                                                                                                                    0/7 = 0.47 (0.37)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  2/7 = 267                                                                                                                                                                                                                                                                                                                    1/7 = 1.64 (1.28)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  3/7 = 493                                                                                                                                                                                                                                                                                                                    2/7 = 0.23 (0.10)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  4/7 = 855                                                                                                                                                                                                                                                                                                                    3/7 = 0.57 (0.17)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  5/7 = 1323                                                                                                                                                                                                                                                                                                                   4/7 = 0.58 (0.12)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  6/7 = 1969                                                                                                                                                                                                                                                                                                                   5/7 = 0.57 (0.09)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  7/7 = 2851                                                                                                                                                                                                                                                                                                                   6/7 = 0.74 (0.14)                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  7/7 = 0.65 (0.10)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  **Explanation:** Data show mean number of drinks per day for scores of 0 to 7 (low to high levels of language development) on the seven-point Denver Language Development scale.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Greene *et al*. 1990 \[[@B31]\]                                                                                                                                                    Hospital based                                                                  **Race Black:** 31.5%                                     179 at 1 year       **1 year**                        1 year: 93                                                                                                                                                                                                                                                                                                                                                                                      1 year: 93                    **Expressive Language**
                                                                                                                                                                                                                                                                     **Age (mean (SD)):** 22.1 (4.4)                                               1/3 drink per day:139                                                                                                                                                                                                                                                                                                                                                                                                                                           **Mean (95% CI)**
                                                                                                                                                                                                                                                                     **Parent education in years (mean (SD)):** 10.8 (1.4)                         \>1/3 to 1.5 drinks per day: 40                                                                                                                                                                                                                                                                                                                                                                                                                                 1 year
                                                                                                                                                                                                                                                                     **Cigarette use in pregnancy (mean (SD)):** 13.8 (12.2)   142 at 2 years      **2 years**                       2 year: 94                                                                                                                                                                                                                                                                                                                                                                                      2 year: 94                    A\) 25.5 (25.0 to 26.5)
                                                                                                                                                                                                                                                                     **Prenatal marijuana:**35.1%                                                  **l2 years**                                                                                                                                                                                                                                                                                                                                                                                                                                                    B\) 26.0 (25.0 to 27)
                                                                                                                                                                                                                                                                     **Prenatal street drugs:**9.2%                                                1/3 drink per day:136                                                                                                                                                                                                                                                                                                                                                                                                                                           2 year
                                                                                                                                                                                                                                                                                                                                                   1/3 to 1.5 drinks per day: 36                                                                                                                                                                                                                                                                                                                                                                                                                                   A\) 30.0 (28.5 to 31.0)
                                                                                                                                                                                                                                                                                                                               171 at 3 years      **3 years**                       3 year: 92                                                                                                                                                                                                                                                                                                                                                                                      3 year: 92                    B\) 29.0 (27.0 to 32.0)
                                                                                                                                                                                                                                                                                                                                                   1/3 drink per day: 132                                                                                                                                                                                                                                                                                                                                                                                                                                          3 years
                                                                                                                                                                                                                                                                                                                                                   1/3 to 1.5 drinks per day: 39                                                                                                                                                                                                                                                                                                                                                                                                                                   A\) 30.0 (28.0 to 32.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   **Receptive language**
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   B\) 31.0 (28.0 to 34.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   1 year
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   B\) 24.0 (22 to 25)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   A\) 24.0 (23 to 25)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   2 years
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   A\) 39.0 (37.0 to 40.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   B\) 38.0 (36.0 to 40.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   3 years
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   A\) 24.0 (23.0 to 25.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   B\) 25.0 (23.0 to 27.0)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   **Explanation:** Mean age-adjusted SICD scores for Expressive and Receptive language development at 1, 2 and 3 years for A) 1/3 drink per day and B) \>1/3 to 1 and 1/2 drinks per day compared to abstinence.

\*Not reported.

Quality assessment
------------------

The quality of included studies was assessed by evaluating six types of bias to include a rapid assessment of selection, exposure, outcome, confounding, analytical and attrition biases (Table [3](#T3){ref-type="table"}) developed by McDonald and colleagues \[[@B32]\] (see Additional file [2](#S2){ref-type="supplementary-material"}). In line with these pre-specified definitions of bias, selection bias was deemed 'minimal' if studies reported sampling from a general population of pregnant women rather than a select group. Exposure and outcome assessment were 'minimal' if obtained from direct questioning of the mother on the exposure or by using a clearly validated instrument for measuring speech and language outcomes. Confounding bias was assessed as 'high' if no confounders were matched or controlled for and 'minimal' if at least basic demographic and other key confounders, such as the home environment and parenting variables, were addressed. Analytic bias was deemed 'moderate' if no sample size calculation was reported and only a subsample studied, and 'high' if inappropriate analyses were undertaken such as multiple unspecified *a priori* or inappropriate subgroup analyses. Attrition was 'high' if \>20% were lost to follow-up without explanation of the causes.

###### 

Quality assessment based on evaluation of bias

  **Author, year**                     **Selection bias**                                                                  **Exposure bias**                                                                                                                 **Outcome assessment bias**           **Confounding factor bias**                 **Analytical bias**                                                                                                                           **Attrition bias**                                                               **Overall likelihood of bias based mainly on selection and confounding**
  ------------------------------------ ----------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- ------------------------------------- ------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------- --------------------------------------------------------------------------
  O'Leary *et al.*2009 \[[@B30]\]      Minimal (sample selected from a general population rather than a select group)      Low (indirect assessment (postal survey, mailed question))                                                                        Minimal (direct question to mother)   Minimal (assessed for common confounders)   Minimal (analyses appropriate for type of sample (if matched))                                                                                Moderate (11 to 20% attrition but reasons for loss to follow-up not explained)   Minimal
  Faden and Graubard 2000 \[[@B29]\]   Minimal (sample selected from general population, Eligibility Criteria explained)   Low (indirect assessment (postal survey, mailed question))                                                                        Minimal (direct question to mother)   High (not assessed for confounders)         Low (analyses not accounting for common statistical adjustment and sample size calculation not performed but all eligible patients studied)   Moderate (11 to 20% but reasons for loss to follow-up not explained)             High
  Greene *et al*. 1990 \[[@B31]\]      Moderate (sample selection ambiguous but may be representative)                     Minimal (direct questioning (interview) or completion of survey by mother at the time of exposure or close to time of exposure)   Minimal (direct question to mother)   Minimal (assessed for common confounders)   Low (analyses not accounting for common statistical adjustment, power calculation performed)                                                  High (\>20% attrition but reasons for loss to follow-up not explained)           Moderate

Results
=======

Search results
--------------

Overall, 1,397 abstracts were identified of which 387 duplicates were removed (Figure [1](#F1){ref-type="fig"}). Of the 1,010 articles remaining, 45 full text articles were retrieved. A further six citations were identified through hand searching of full texts leading to a total of 51 studies to undergo full review. Both assessors (LMOK, PMK) independently reviewed all 51 full texts in accordance with inclusion and exclusion criteria and disagreements were settled by consensus. The main reasons for exclusion were lack of reporting on the exposure and outcome of interest and exclusion due to study of alcohol in populations with other developmental disorders such as autism spectrum disorder. Three cohort studies were included, totaling 10,642 women. A summary of the study characteristics and results is shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

Description of included studies
-------------------------------

Two studies were from the United States and one study was from Australia. One study collected data on alcohol exposure during pregnancy through direct face to face interviews \[[@B31]\] while the remaining two studies collected exposure status after pregnancy through a postal survey \[[@B29],[@B30]\]. O'Leary *et al*. \[[@B30]\] collected data on dose, pattern and timing of exposure for the three months before pregnancy and each trimester separately approximately 12 weeks after delivery. Faden and Graubard \[[@B29]\] collected data on mean alcohol drinks per day during pregnancy through a postal survey after pregnancy, while Greene *et al*. \[[@B31]\] collected data on the average number of ounces of alcohol per day reported to have been consumed over all sampled days throughout pregnancy by a face to face interview during pregnancy. All three studies used different validated instruments to measure language delay including the parent reported Ages and Stages Questionnaire \[[@B30]\], a parent reported seven-item Language Scale from the Denver Developmental Scale \[[@B29]\] and the Sequenced Inventory of Communication Development (SICD) at one, two and three years \[[@B31]\], a standardized procedure directly administered in the home of the child to diagnose developmental delay in the acquisition and use of language. Only two of the three studies (O'Leary *et al*. \[[@B30]\] and Greene *et al*. \[[@B31]\]) controlled for relevant confounders in their analyses and effect measures were also significantly heterogeneous. O'Leary *et al*. \[[@B30]\] reported crude and adjusted odds ratios while estimates by Faden and Graubard \[[@B29]\] reported mean number of drinks per day for each level of the seven-item Language Scale used. Greene *et al*. \[[@B31]\] reported mean SICD measures for selected levels of absolute alcohol per day at one, two and three years for expressive and receptive language outcomes.

Systematic review results
-------------------------

Table [3](#T3){ref-type="table"} describes the results of included studies. O'Leary *et al*. \[[@B30]\], retrospective cohort in 1,759 largely married, educated and non-indigenous Australian women, defined low alcohol consumption during pregnancy as 20 g or less per occasion or less than weekly. For low drinking in the first trimester, the odds of language delay were 0.97 (95% confidence interval (CI) 0.65 to 1.43) indicating that low drinkers were 3% less likely to have children with language delay compared to abstinent mothers though the results were not statistically significant as indicated by the wide confidence intervals that span the null value (odds ratio of 1). For low drinking in the second trimester the odds of language delay were 0.87 (95% CI 0.59 to 1.28) and for the third trimester, 0.84 (95% CI 0.57 to 1.23) which also indicated slightly reduced odds of language delay in low drinkers (13% and 16%, respectively) that were not statistically significant as indicated by the confidence intervals spanning the null value. Estimates were adjusted for a range of confounders, including maternal age, parity, marital status, smoking for each trimester, illicit drug use, depression, anxiety and stress, family factors (antenatal income, presence of partner in household, parenting ability, family functioning).

Faden and Graubard \[[@B29]\] retrospective cohort study of 8,885 women reported to have been sampled representatively from the national birth certificate in the United States but did not report socio-demographic and health characteristics of participants. The response rate upon first recruitment to the study was 74% with 83% of the original cohort completing the three-year follow-up. Stratified sampling by both ethnicity and birth weight was conducted. A seven-item language scale was used to measure language development. Potential scores on the scale ranged from 1 to 7 with a lower score indicating lower levels of language development. Mean alcoholic drinks per day during pregnancy were reported for each level of the seven-item language scale. Covariates were not adjusted for and the results reported did not show any dose--response relationship between lower levels of language development and mean number of drinks per day.

The prospective cohort study of 359 mother-infant pairs by Greene *et al*. 1990 \[[@B31]\] in women attending a hospital for antenatal care comprised over 50% black with a mean age of 22 and with over 30% reporting use of marijuana during pregnancy. Women who delivered small for gestational age infants or whose infants were admitted to neonatal intensive care were excluded from the study. This group was also socio-economically disadvantaged. The results were reported in mean SICD measures for selected levels of absolute alcohol per day and were adjusted for sex, race, parental education, maternal age, reported usage of street drugs, the day of first antenatal visit, the Home Observation for the Measurement of the Environment (HOME) score, the precise age at testing, the ratings of psychosocial stress, medical problems and maternal IQ. Significant differences in expressive and receptive language development at one, two and three years were not evident for all three measures of alcohol use obtained, including abstinence, one-third of a UK standard drink per day, greater than one-third to one and a half UK standard drinks per day or approximately two UK standard drinks per day.

Quality assessment
------------------

The results of the quality assessment undertaken are shown in Table [3](#T3){ref-type="table"}. Attrition bias was present in all three studies and may have significantly impacted results. In addition, selection, confounding and analytic bias were also present. In the study by Greene *et al*. 1990 \[[@B31]\], selection bias was deemed to be 'moderate' due to ambiguous sample selection but 'minimal' in both other studies. Confounding bias was deemed to be 'high' in Faden and Graubard \[[@B29]\] due to lack of control for confounders but 'minimal' in both other studies while analytic bias, though present in both Faden and Graubard \[[@B29]\] and Greene *et al*. \[[@B31]\], was relatively low.

Discussion
==========

In this systematic review we sought to determine the effect of low to moderate alcohol exposure during pregnancy on speech and language outcomes in children. Poorer language development was not observed in infants exposed to low or moderate alcohol levels \[[@B30],[@B31]\] or was not associated with mean number of drinks per day \[[@B29]\]. However, studies were methodologically heterogeneous and two studies (Faden and Graubard \[[@B29]\] and Greene *et al*. \[[@B31]\]) had a number of limitations including confounding, attrition and selection biases which reduce their validity. Although our search is now 18 months old, due to the low number of articles yielded in our original search of six large international health databases since their inception, we believe our review retains its validity, importance and timeliness.

The method of exposure ascertainment has an impact on the accuracy and validity of reporting of exposure and subsequently the direction of the associations detected. In the studies included in this review, two studies used retrospective ascertainment of exposure while one used concurrent collection. Retrospective data collection used by Faden and Graubard \[[@B29]\] and O'Leary *et al*. \[[@B30]\] is suggested to be subject to higher risk of recall bias and differential misclassification of exposure status whereas concurrent data used by Greene *et al*. \[[@B31]\] are shown to yield more valid information when examining neurodevelopmental outcomes \[[@B33]\]. Alternately, self-administered questionnaires used by both O'Leary *et al*. \[[@B30]\] and Faden and Graubard \[[@B29]\] have been shown to obtain more truthful responses in relation to socially undesirable behaviors, such as alcohol use during pregnancy, than face to face interviews which were employed by Greene and colleagues \[[@B34]\]. In relation to outcome measurement, three different standardized, validated measurement tools were used which cover different domains or aspects of language development and at different ages in three ethnically and culturally diverse populations. Consequently, the presence of adverse effects on speech and language outcomes in children exposed to low to moderate alcohol levels in pregnancy remains difficult to determine from the evidence included in this review due to their heterogeneous populations and exposure and outcome ascertainment.

The presence of attrition and selection bias is likely to have biased reported results toward the null in all studies and explain the lack of a reported association between moderate alcohol use in pregnancy and language delay. In the Australian cohort \[[@B30]\], only 85% of women who agreed to participate originally did so at year two when language outcome was being measured. However, this study had many other strengths and a low level of bias which may have counteracted this effect. Similarly, of the 74% who originally responded to the survey in the cohort studied by Faden and Graubard \[[@B29]\], only 83% completed the three-year follow-up. As participation may be associated with alcohol status and child neurodevelopmental functioning, an apparent association could be masked if children with speech and language problems were systematically lost to follow-up in these studies \[[@B35]\]. For Greene *et al*. \[[@B31]\] selection bias may have also influenced the reported findings. In particular, children with a gestational age under 37 weeks or with admission to neonatal intensive care were excluded from the study. This may have led to the exclusion of children who had a higher risk of language delay or a different pattern of alcohol exposure to other participants.

Implications for practice
-------------------------

MRI studies have shown that prenatal alcohol exposure can impact upon a number of regions of the brain involved in verbal communication development, such as the corpus collosum, by displacing it, producing shape variability or reducing volume, area and length \[[@B22]\]. Though a lack of association between moderate alcohol use during pregnancy and speech and language development in infants is not implausible, given the low number of studies conducted, the inherent problems of accurate alcohol measurement during pregnancy and lack of biological plausibility with pathophysiological evidence, further research is required. In particular, future studies which more robustly assess the impact of alcohol use on speech and language outcomes due to the likely impact of attrition, selection and confounding biases are required. Losses to follow-up were considerable threats to validity in studies reviewed. Efforts to account for both participation bias which occurs upon recruitment to studies and attrition bias occurring later in the study should be incorporated in future studies of this nature. The complex nature of the development of speech and language delays including the interaction of environmental, neurodevelopmental and familial factors \[[@B5]\] as well as the underlying cultural and ethnic differences that may result in varying attitudes, practices and norms relating to alcohol and speech and language outcomes must be addressed \[[@B16]\]. Consequently, until, large scale, population-based, longitudinal studies of gestational alcohol use and speech and language outcomes emerge, healthcare providers should advise women to abstain from consuming alcohol during pregnancy while policy makers should remain aware of limited research evidencing safe alcohol consumption thresholds during pregnancy.

Conclusions
===========

International guidelines have not reached consensus on safe alcohol recommendations for pregnant women. The findings of this review reveal the dearth of research on the effect of low to moderate gestational alcohol use and speech and language outcomes in children. Future research should carefully address the validity and accuracy of exposure and outcome ascertainment and pay particular attention to reducing the risk of selection, attrition and confounding biases. Healthcare providers should continue to advice abstinence from alcohol during pregnancy until further evidence on the effect of low-moderate gestational alcohol use becomes available. Policy makers should remain aware of limited research showing the safety of alcohol use in pregnancy in relation to childhood development such as speech and language outcomes.
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